Background: hyperferritinemia is often found in patients with chronic hepatitis C (CHC) and is predictive of poorer response to antiviral therapy.
INTRODUCTION
Liver iron overload is considered a surrogate marker of liver fibrosis (1, 2) , and is associated with impaired response to interferon-based therapy (3, 4) . However, the frequency and severity of iron overload in chronic hepatitis C, which oscillates between broad limits, from 7 to 32% (2, (5) (6) (7) (8) , remains controversial. Iron accumulation in the liver may aggravate tissue damage by generating free radicals, releasing proinflammatory and profibrogenic cytokines, and interfering with the immune system (9, 10) .
High serum ferritin is a common finding in many acquired liver diseases, particularly in chronic hepatitis C (CHC), alcoholic liver disease, and non-alcoholic fatty liver disease (11, 12) . Ferritin is the iron-storage protein in tissues, and its serum levels correlate with total iron content; thus, it may be speculated that high serum ferritin levels may be a marker of iron overload. This is usually true in the absence of chronic inflammation, with very rare exceptions (13) , but ferritin synthesis and release are increased in states of chronic immune stimulation (9, 14) , and the actual meaning of hyperferritinemia in CHC has not been fully elucidated. If it were a consequence of hepatic iron overload, a positive correlation between both parameters would be expected. However, this is only true when CHC coincides with a genetic cause of iron overload, as it occurs in carriers of HFE gene mutations (mainly the C282Y mutation) or other genes related to iron homeostasis (6, 8, 15) . Contrarily, if elevated serum Supported in part with a grant by Schering-Plough. ferritin in CHC were a surrogate marker of a chronic inflammatory state, we should expect that serum ferritin levels would return to normal values after successful antiviral therapy.
The aim of this work was to study the variations of serum ferritin concentrations during and after antiviral therapy in patients with chronic hepatitis C virus (HCV) infection, and to investigate whether a potential association with therapeutic response exists.
PATIENTS AND METHODS
Since January 2004, serum ferritin concentration is systematically determined in all CHC patients seen at our Unit before initiating treatment with pegylated interferon (α2a or α2b) and ribavirin, and at regular intervals during therapy. Serum ferritin is also determined in patients who reach a final virological response (defined as blood HCV-RNA undetectable at the end of therapy) 24 weeks after finishing treatment. We reviewed the clinical records of these patients with the aim of studying variations in ferritinemia during and after therapy. Patients were classified in four groups after excluding those who dropped out for voluntary discontinuation --group 1: sustained viral response (SVR); group 2: primary failure of therapy; group 3: early discontinuation due to severe intolerance; and group 4: relapse after transient viral response. Other exclusion criteria were chronic hemolysis, previous therapy with iron, coinfection with HIV, and active infection with HBV. HFE genotype was not systematically determined in patients with elevated serum ferritin, but only in some cases according to the clinical criteria of the attending physician. All patients were submitted to the current standard of care on an outpatient basis. The study protocol was approved by the Local Ethics Committee and conforms to the ethical guidelines of the Declaration of Helsinki.
The diagnosis of chronic hepatitis C was based on the results of clinical evaluation and a combination of biochemical and viral tests. All patients were positive for anti-HCV antibody and for HCV RNA at the time when antiviral therapy was started. A quantitative analysis of HCV-RNA was performed with the Cobas Amplicor HCV Monitor version 2.0 (Roche Molecular Diagnostic). The lower limit of detection was 600 IU/mL, and the upper level was 8.5 x 10 5 IU/mL. After July 2005, viral RNA was extracted automatically using Cobas AmpliPrep, but viral load was detected using Real-Time PCR Cobas TaqMan (Roche Diagnostics), that has a dynamic range between 10 IU/mL and 2 x 10 8 IU/mL. HCV genotypes were determined using a reverse hybridization assay (INNO-LiPA. Innogenetics), based on the variations found in the 5' untranslated region of various hepatitis C virus sequences, after amplification by a reverse transcription polymerase chain reaction (RT-PCR). Active hepatitis B virus (HBV) infection and HIV infection were excluded by standard serological analysis. Active infection with HBV and HIV were excluded using standard serological methods. Hematological and biochemical parameters were determined with standard methods in the clinical laboratory.
The statistical analysis was performed using Student's t-test or the Mann-Whitney U-test, as indicated, to compare continuous variables, odds ratios with 95% confidence intervals for categorical variables, and Spearman's rank test to estimate correlations between variables. Values are expressed as mean ± standard deviation (SD) or as percentages. All tests were two-sided. Calculations were made using the SPSS statistical software package for Windows (version 15.0; SPSS) and Epi-Info 2002 (Centers for Disease Control and Prevention). The null hypothesis was rejected when p < 0.05.
RESULTS
Two hundred and sixty-two patients (163 male; mean age 48.5 years ± 10.1) fulfilling the inclusion criteria were considered for the analysis. One hundred and eighty-three were infected with HCV genotype 1 (143 genotype 1b), 55 with genotype 3, and the remaining with genotypes 2, 4 and 5. Pre-treatment liver biopsies were available for 136 patients, and were evaluated according to Knodell et al. (16) by the same pathologist. Perls iron specific staining was systematically performed. Table I reflects the biochemical, virological and histological data of the whole series and of the four response groups.
Baseline serum iron concentrations over 150 µγ/ml were detected in 27.8% of patients. Baseline ferritinemia was elevated in 25.2% of male patients (> 350 ng/ml) and in 19.2% of female patients (> 250 ng/ml). Table II shows the mean values of serum ferritin before and during therapy in the whole group and in the subgroups according to response to therapy, as well as those obtained 24 weeks after therapy completion in groups 1 (SVR) and 4 (relapse). Baseline serum ferritin was significantly higher in all 81 patients (group 2) with primary therapeutic failure than in the 121 patients (group 1) who reached SVR (330 ± 291 vs. 211 ± 192, p = 0.002). No significant differences in baseline serum ferritin were observed between groups 1 (SVR), 3 (intolerance) and 4 (relapse), nor in baseline serum iron concentrations between response groups.
Baseline serum ferritin correlated at a significant level (p ≤ 0.001) with the following baseline values: body weight, hemoglobin, total serum bilirubin, serum ALT, serum AST, and serum iron.
Mean serum ferritin increased during the first 12 weeks of therapy from 257 ± 242 ng/ml to 875 ± 630 ng/dl (p < 0.001), to diminish slowly during the remaining part of therapy (613 ± 418 ng/dl at week 24 in the 179 patients with available values). Serum ferritin increased during therapy in 259 of the 262 patients included in the study. The median peak ferritin level reached during therapy was lower in the SVR group than in the other three groups, a difference that reaches statistical significance when comparing SVR and primary failure groups (p = 0.018).
The highest serum ferritin level reached between weeks 2 and 12 of therapy correlated at a significant level (p ≤ 0.001) with the following parameters: baseline body weight; baseline serum iron; platelet count and total serum bilirubin at week 2, and serum ALT, serum AST The excess of female patients in this group is significant as compared to the remaining patients (Odds ratio = 2.84; 95% CI = 1.08-8.78).
and serum GGT at weeks 2, 6 and 12. No significant relation exists between the highest serum ferritin value reached during therapy and hemoglobin values at weeks 2, 6 and 12 of therapy, nor with the baseline viral load considered as a dichotomous (low vs. high) variable (low ≤ 400.000 IU) (17) .
As it is shown in table II, serum ferritin value 24 weeks after therapy completion was significantly lower than baseline figures in the 121 patients who obtained sustained viral response. This parameter actually decreased in 88.4% of patients included in this group. This difference is much smaller in the 33 patients who experienced virological relapse, in whom serum ferritin decreased only in 66.7%. This difference between both response groups correlates well with the evolution of serum ALT, which fell from 110 ± 88 U/L to 20 ± 9 U/L in sustained responders (p < 0.001) with only two exceptions, and from 89 ± 68 U/L to 57 ± 40 U/L in relapsers (p = 0.033), with an actual decrease in 75.8% of patients.
When the same analysis was applied separately to the 183 genotype 1 patients, the results were very close to those found in the whole group, although the drop in serum ferritin 24 weeks after end of therapy in relapsers did not reach statistical significance (data not shown).
In the 136 patients with available liver biopsy there is a non-significant although progressive increase in baseline serum ferritin according to fibrosis stage in the Knodell score: stage 0 (20 patients) = 104 ± 159 ng/mL; stage 1 (59 patients) = 212 ± 158 ng/mL; stage 3 (44 patients) = 260 ± 274 ng/mL; stage 4 (13 patients) = 408 ± 396 ng/mL (p stage 0 vs. stage 4 = 0.197).
Stainable iron was detected in the liver biopsy of 8 patients (5.90% of cases with liver biopsy). Baseline serum ferritin was higher in these patients than in the remaining 128 with liver biopsy (481 ± 450 ng/dl vs. 231 ± 210 ng/ml, p = 0.083). No significant differences were observed for baseline serum iron values, nor for the maximal ferritin value during the first 12 weeks of therapy.
HFE genotype is available in 37 patients in whom the attending physician considered that serum iron, ferritin and/or transferrin saturation index justified this study. There were 6 single heterozygotes for the C282Y mutation, 12 single heterozygotes for the H63D mutation, 1 composed C282/H63D heterozygote, 1 H63D homozygote and 17 wild type genotypes. No differences in baseline serum iron, baseline ferritinemia and in highest serum ferritin value reached during the first 12 weeks of therapy were observed between carriers and non-carriers of HFE mutations. A liver biopsy was available in 24 of these patients, with stainable iron in 5, three of them being carriers of one HFE mutation. Fifteen of these 37 patients obtained SVR (three C282Y carriers, five H63D carriers and seven patients without HFE gene mutations).
DISCUSSION
In this study we observed an impressive and nearly universal elevation of serum ferritin during combined antiviral therapy for CHC. The maximal values reached are slightly higher in the groups of primary failure, relapse, and intolerance than in the SVR group, but the increases are proportional to baseline values and the slopes are no different. The mechanism of hyperferritinemia is probably related to the immunostimulant and immunoregulatory effects of IFN-α2 through its attachment to cellsurface receptors and activation of multiple interferon-stimulated genes (18, 19) , and to the induction of a Th-1 response that increases the synthesis and liberation of proinflammatory cytokines (i.e. TNF-α, IL-1 and IL-6) (20) , which are known up-regulators of the synthesis of ferritin (21) . Stam et al. (22) have shown a significant increase in serum ferritin in a group of patients treated with high doses of interferon α after the surgical excision of a melanoma. Recently, Ferrara et al. (23) reported, in abstract form, a study with results quite similar to ours with regard to a marked rise of serum ferritin dur- ing therapy, although they do not provide any data on its subsequent evolution. Although serum ferritin is a well-known acute phase reactant, other possible causes for hyperferritinemia during antiviral therapy should be discussed. Ribavirin induces hemolysis, and the increase in serum ferritin may be due to accelerated iron turnover. On the other side, serum bilirubin may increase because of heme catabolism. In this study, baseline values for hemoglobin and total bilirubin correlated significantly with baseline serum ferritin, and this correlation persisted with serum bilirubin at week two of therapy, but not thereafter, and in no moment was that detected with hemoglobin. If hemolysis had been causally related to increased serum ferritin, narrowed, more significant correlations with hemoglobin and bilirubinemia should be expected during therapy versus baseline.
Our data on HFE gene mutations are very limited and biased through patients with higher baseline serum iron and ferritin values, but they do not confirm previous data on a possible association between carrier status for HFE gene mutations and an increased chance of obtaining SVR (24, 25) , a question not confirmed in a recent review (26) .
Our results are in accordance with previous findings (23, 24, 27) indicating that high baseline serum ferritin levels are predictors of poor response to combined antiviral therapy for CHC. This suggests the convenience of analyzing whether ferritinemia may improve the multivariate predictive models aimed at establishing the individual chance of reaching therapeutic success in patients with CHC. Such analysis was not an aim of the present study, and should be based on a sample of greater size. Table I confirms that many of the reported factors predicting a primary therapeutic failure (older age, viral genotype 1, lower platelet count, high viral load, higher AST and GGT levels, and lower cholesterol, and more advanced fibrosis in liver biopsy) are more prevalent in the group of primary failure than in the group with SVR.
From a practical point of view, we think that the most interesting finding of this study is that serum ferritin falls not only to normal values, but as low as half its baseline figures at 24 weeks after therapy completion in patients who obtained SVR. Meanwhile, patients with virological relapse showed a much more modest decrease in serum ferritin. This observation leads to think that increased levels of serum ferritin in non-treated CHC are most often a consequence of actions by HCV itself or of chronic inflammation, which stimulates immune response. This conclusion is supported by our observation that serum ferritin levels parallel serum ALT, which is considered a biochemical marker of necroinflammation in the liver. Iron overload should be a secondary event limited to patients with associated specific conditions (i.e., carriers of HFE gene mutations or heavy drinkers). 
RESUMEN
Antecedentes: la hiperferritinemia es frecuente en los enfermos con hepatitis crónica C (HCC) y reduce las probabilidades de respuesta al tratamiento antiviral.
Objetivo: investigar las variaciones de la ferritina sérica durante y después del tratamiento y su relación con la respuesta al mismo.
Pacientes y métodos: la ferritina sérica se ha medido en 262 enfermos con HCC (163 hombres, edad media 48,5 años ± 10,1) antes y durante el tratamiento antiviral, y a los 6 meses de finalizado en los 154 enfermos con viremia indetectable al final del tratamiento.
Resultados: la ferritina sérica basal era más alta en enfermos con fracaso terapéutico primario que en los que consiguieron respuesta viral sostenida (RVS) (330 ± 291 ng/ml vs. 211 ± 192 ng/ml, p = 0,002). La ferritina sérica aumentó transitoriamente durante el tratamiento (257 ± 242 ng/ml vs. 875 ± 630 ng/ml, p < 0,001). La ferritina sérica descendió a valores inferiores a los basales seis meses después de finalizado el tratamiento en los pacientes con RVS (117 ± 102 ng/ml vs. 211± 192 ng/ml, p < 0,001) y, en menor grado, en los que sufrieron recidiva viral (217 ± 174 ng/ml vs. 257 ± 221 ng/m, p = 0,047).
Conclusiones: una ferritina sérica basal elevada se asocia con mayor riesgo de fracaso terapéutico en la HCC. El tratamiento antiviral induce un marcado incremento de la ferritina sérica que vuelve a valores por debajo de los basales en los enfermos que obtienen RVS. Esto sugiere que la causa de hiperferritinemia en la mayoría de los enfermos es la propia infección por VHC y no la sobrecarga de hierro.
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INTRODUCCIÓN
Se considera que la sobrecarga hepática de hierro se asocia con fibrosis hepática en la hepatitis crónica C (HCC) (1,2) y con peor respuesta el tratamiento basado en interferón (3, 4) . Sin embargo, la frecuencia y la gravedad de la sobrecarga férrica en la hepatitis crónica C, que oscila entre límites muy amplios, del 7 al 32% (2,5-8), es objeto de controversia. La acumulación de hierro en el hí-gado puede agravar el daño hepático al generar radicales libres, facilitar la liberación de citocinas proinflamatorias e interferir con el sistema inmune (9, 10) .
En muchas hepatopatías adquiridas, y especialmente en la hepatitis crónica C, la hepatopatía alcohólica y la enfermedad hepática no alcohólica por depósito de grasa, es frecuente detectar niveles elevados de ferritina sérica (11, 12) . La ferritina es la proteína de depósito de hierro en los tejidos y sus niveles séricos están correlacionados con el contenido corporal total de hierro, por lo que se puede considerar que las concentraciones elevadas de ferritina son un marcador de sobrecarga de hierro. En general, esto es cierto en ausencia de inflamación crónica, con muy pocas excepciones (13), pero la síntesis y liberación de ferritina están incrementadas en situaciones de estímu-lo inmunitario crónico (9, 14) y el significado exacto de la hiperferritinemia en la HCC no está plenamente esclarecido. Si la hiperferritinemia fuera consecuencia de una sobrecarga hepática de hierro, debería existir una correlación positiva entre ferritina sérica y hierro hepático. Sin embargo, esto sólo ocurre cuando la HCC coincide con
